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By Kenneth S. Deinknecht 

A flight investigation was conducted to establish the heat 
requirements for ice prevention on aircraft windshields mounted on 
the forebody of an airplane at several an&es with the thrust axis. . 
Electricallg heated windshields.were used in this investigation to 
provide a means of accurately measuring h-t input to the windshield. 
The investigation showed that: (1) by assuming a design condition of 
an ambient-air temperature of O" F, a heat input of approximately 
1300 Btu per hour per square foot would prevent ice formation at air- 
speeds up to 220 tiles per hour and liquid-water content up to 
0.30 gram per cubic meter; (2) as the angle of the windshield with 
the thrust axis was decreased from 6C" to 45', the heat required for 
ice prevention remained constant. Eowever, the heat required for 
ice prevention when the angle was decreased to 30° was about 25 per- 
cent less than for angles of 6o" and 45O. 

Cne part of the general investigation of the airplane ice- 
prevention program has been cancerned with preserving vision through 
the aircraft windshield duriw flight in icing conditions. A pre- 
vious investigation (reference I) has shown that the use of heat is 
a practical means of preventing ice fomtion on the aircraft wind- 
shield and has indicated the approximate quantity of heat required 
for windshield-ice prevention for one.type of airplane. 

An investigatfon has been conducted at the NACA Cleveland lab- 
oratory in order to establish more adequa+a data on the quantity of 
heat required for windshield-ice prevention. The data obtained in 
this investigation are for windshields mounted on the forebody of 
an airplane at several angles with the thrust axis. The flight 
operations were conducted in the &eat Lakes r&on of the United 
States under conditions of natural icing during the tinter of 1946-47. 
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Special weather forecasting for the icing flights were provided by 
representatives of the United States Weather Bureau. The w!ndshields 
used were provided by the Pittsburgh Plate Glass Company. 

APPARATUS 

A special airplane-forebody section incorporating seven wind- 
shield panels each 11 inches square was mountied on a four-engine 
bomber-type airplane (fig. 1). The windshield panels were installed 
at the following angles with the thrust axis (fig. 2): j 

Windshield panels 1, 2, and 4 were the laminated type and were 
electrically heated (fig. 3). The remaining wIndshields were not 
heated. A typical windshield installation is shown in figure 3, 
Electric power was furnished to the test panels by an auxiliary power 
plant installed in the waist compartment of the airplane. 

INSTRUMENTATION 

Temperatures of the outside and inside surfaces of each wind- 
shield panel were recorded by thermocouples. Three thermocouples 
were installed on both the outside and inside surfaces of each panel. 
The thermocouples were located d1agczktl.y across the panel, one in 
the center and one 4; inches on either side of the center (fig. 3). 

The installation of the thermocouples on the outside did not disturb 
the aerodynamic smoothnees of the surface. The inside thermocouples 
were cemented to the surface with rubber cement. A shielded 
resistance-bulb thermometer w&s installed on the bottom of the air- 

.plane fuselage to measure ambient-afr temperature. 

Pressures at altitude and airspeed were measured by Plush 
static orifices and a total-pressure tube located on the side of 
the airplane at the pilot's stktion. 
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The power furnished to the wiudahielde was contiolled by the 
use of tide-range variable transfomners in each supply line and wa8 
measured by voltmeter8 and ammeters. 

A rotating c Under assembly, similar to that deecribed in ref- 
erence 2, wa8 ug ei to determine average droplet size, droplet-size 
distribution, and liquid-water content. The four cylinder8 used 

i were - Wch, 1 inch, l$ inches, and 3 inches in dfameter. 
8. 2 

A rotating disk-t.gl?e fcing rate meter wa8 used to measure the 
icing rate. The principle of operation of this meter is given in 
reference 2. 

RESULTS AXD IXSCUSSION 

The result6 of this investigation are presented in table I 
and figure 4. ' 

The quantity of heat provided.for the 60° windshield is pre- 
eumably an indication of the maximum that may be required for'any ' 
configuration at the condftione experienced during this investiga- 
tion (fig. 4(c)). The nature of the ice formation on the 600 wind-. 
shield (fig. 5) indicates that a region of stagnation existed on ' 
the windehield. Convective heat transfer and.the heat lost to the 
intercepted water fs ueuallg larger in the vicinity of a stagnation 
pressure region-than in other regions d’ an aerodynamic body. 

If a design condition is used that preeumes a temperature rise 
of the windshield surface of 32O F above a O" F ambient-air temper- 
ature, the conclusion may be made from the data in figure 4(c) that 
approximately 1300 Btu per hour per square foot will prevent ice 
f ormstion at velocities up to 220 miles per hour and liquid-water 
content as large a8 0.30 gram per cubic meter. Because of the high 
collection of liquid water, which wa8 appsrent on the 600 windehield, 
it is pO88ible that the provision of 1300 Btu per hour per square 
foot will provide protection for the full range of water-droplet 
sizes that may be encountered under the condition8 noted. 

From data on the temperature rise of the various windshield 
8urface8, it has been ascertained that a8 the angle of the wind- 
shield with the thrust axis ie decreased from 600 to 45O, the heat 
required remains constant. However, when the angle is decreased 
to 300, about 25 percent lese heat Is required. 
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The range8 in airplane velocity and inteneity of icing condi- 
tions were inadequate to per@t a general statement of the relation 
between heat required for ice prevention and the operating conditione. 

Observations made during the conduction of thier reeearch indi- 
cated that the u8e of electrically heated panel8 did not provide 
any protection for the tind8hield frame (fig. 6), whereas the air- 
heated airplane service inetallation (fig. 7) did provide frame 
protection. The center windshield of the airplane service instal- 
lation wa8 not heated. 

Flight Propulsion Research Laboratory, 
ktiOna1 AdVi6Org Collgnittee for AerOIXUtiC8, 

Cleveland, Ohio. 

1. Rodert, Lewis A., Clousing, Lawrence A., apd McAvoy, William H.: 
Recent Flight Research on Ice Prevention, NACA ARR, Jan. 1942. 

2. Vonnegut, B., C~ngham, R. M., and Kbtz, R. E.: IYlSfmrmentS 
for Meafiuring Atmospheric Factor8 Related to Ice Formation on 
Airplane 8. Dept. Meteorology, De-Icing Res. Lab., M.I.T., 
April 1946. (Available fr am Office of Technical serviCe8, 
U.S, Department of Commerce, a8 PB No. 48074,) 
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Figure I. - Airplane with special wlndshield section mounted on forebody to determine heat required 
to prevent Ice formation on aircraft windshields. 
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Figure 2. - General arrangement of windshield panels for detemining 
heat required to prevent ice formation on aircraft wlndshields. 
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fbl Side view. 

Figure 2. - Concluded. General arrangement of windshield panels for 
determining heat required to prevent ice formation on aircraft wlnd- 
shields. 
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Figure 3. - Typical windshield installation and details of windshield construction for detenining ’ 

heat required to prevent Ice formation on aircraft windstiields. w 
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Average Average Average Average 
velocity droplet liquid- ambient- 
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0 156 9.6 0.30 24 

0 177 8.6 -30 14 

windshield-surface temperature m inus ambient-air 
temperature, OF 

(a) Windshield angle with thrust axis, SO00 
Figure 4. - Variation of heat input with temperature rise of outside 

surface of windshi el d above ambi ent-ai r temperature. 
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+ Windshield-surf ace temperature m inus ambient-air 
tempera&ure, OF 

(b) Windshield angle tith thrust axis, 45O. 
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a 178 8.7 .27 14 
0 191 18.0 .12 20 
A 220 17.9 .24 20 

600, 

- Figure 4. - Continued. Variation of heat input with temperature rise of 
outside surface of windshield above ambient-&i r temperature. 
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(c) Windshield angle with thrust AXIS, 60°. 
Figure 4. - Concluded. Variation of heat input with temperature rise of 

outsf de surface of wi ndsh i el d above ambi ent-ai r temperaturq. 
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Figure 5. - Ice formation on 60° wlndshield panel after flight with no 
heat appl ied. 
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Figure 6. - Ice accretion on framework of 60° windshield during electri- 
cal thermal anti-icing of windshield. 
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